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Abstract 
This paper presents the design and construction of the electrostatic precipitator for treated soot from the exhaust pipe 
by using corona plasma technique that generates from high voltage pulse energizing to excite the electric field 
between electrodes. Therefore, the electrons between electrodes have energized into high energy in electrode gap. 
From a comparative study of the field exciting between high voltage pulses energizing and high voltage direct current 
energizing, it was found that high voltage pulse energizing not only used lower energy but also had higher efficiency. 
Moreover, the relationship between varying high voltage and treating soot has been discussed. 
 
© 2011 Published by Elsevier Ltd. All rights reserved 
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1. Introduction 
Electrostatic precipitation (ESP) technology has played an important role in the control of particulate 
emission from fossil fuel combustion. ESPs generally have very low-pressure drops and low electrical 
consumption. One of the most recent applications is used to remove soot particles from exhaust gases. 
Soot particulate matters are carbon particles smaller than 10 μm suspended in the atmosphere for a long 
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time [1]-[4] and low resistivity. It is well known that abnormal re-entrainment takes place and collection 
efficiency drops sharply when electrical resistivity of particles becomes lower than 102 ohm-m [5]. Then, 
the efficiency cannot increase by increasing voltage because soot particulate matter has low resistance, 
including with moisture causes to breakdown which effects to decrease the efficiency of collecting 
particle carbon.  
The consequence, various methods to reduce soot particulate matter developed continually. In this 
case, negative collection efficiency, where the number of particles of downstream is greater than that of 
upstream must be studied in an experimental ESP [6], [7]. High-collection-efficiency systems for carbon 
particles were achieved by using an ESP as an agglomerator [8], [9],and and by mixing water mist with 
gases [7]. Mitchner and Self [10], Kobashi [11], Kildeso et al. [12], and Laitinen et al. [13] studied the 
effect of bipolar charging on the AC agglomeration efficiency of a parallel plate agglomerator. Watanabe 
et al. [14] performed experiments with a quadrupole field, in which particles were charged and 
agglomerated by AC voltage superimposed on DC voltage. Hautanen et al. [15] experimentally 
investigated the AC agglomeration of unipolar charged particles with both parallel plate and quadrupole 
agglomerator. Eliasson and Egli [16] proposed an agglomerator based on the increased rate of thermal 
coagulation due to attractive forces caused by bipolar particle charging. Mitchner and Self [10] carried out 
a series of experiments to measure the differential charge-to-mass ratio of the particles by corona charging 
and reported that the charging process became less effective at a higher concentration.  
Non-thermal plasma can be generated by applying high-voltage pulses to electrodes with small 
diameter or sharp edges, and it has been applied in electrostatic precipitator. The plasma is generated by 
applying high-voltage pulses between the discharges and collecting electrodes. The required voltage to 
produce the pulsed corona plasma depends on the distance between two electrodes, and the pulses 
duration. The duration of pulse is less than 1 μs, and rise time is about ten of a nanosecond. Such pulsed 
voltage can make much higher electric fields during pulse without causing spark breakdown as in the 
electrostatic precipitator [17]. 
The aim of this study is to improve the treatment efficiency of soot particles flowing into an ESP 
energized by high-voltage pulse power and compare results with those achieved when a DC supply is 
used. 
2. Experiment  
2.1. Experimental setup 
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Fig. 1. Experimental system schematic diagram. 
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The experimental setup has been used to observe total particulate mass concentration caused by ESP, 
under DC and pulse power supply. Fig. 1 shows the schematic of the experimental setup that consists of a 
soot generator, ESP, and sampling apparatus.  
The collection efficiency of the ESP was measured for one-hour operation time of the soot generator 
on the mass basis by using HEPA filters.  Aerosol was sampled downstream of the ESP for 50 min at 
every 10 min of operation time.  Sampling flow rate was set to be 10 L/min. Therefore, the flow rate of 
aerosol in the ESP also equal to 10 L/min.  The filters were treated prior to use by placing in the 
desiccators at room temperature with 50-60 % of relative humidity using a sodium dichromate solution as 
the controller for at least 24 hours.  The filters were then weighted using 0.0001 g readability analytical 
balance (Mettler, AB204-S). 
The weight of dust or collected particles on the ESP was measured at every 10 min of the soot 
generator using 0.01 g readability analytical balance (Mettler, PB3002) until 1 hour of operation time of 
the soot generator. 
The collection efficiency was plotted as a function of peak voltage.  The collection efficiency, based on 
total concentration (all sizes of particles), is evaluated from the mass different of HEPA filters upstream 
and downstream of the ESP can be defined by  
 
¸¸¹
·
¨¨©
§  
1
21
m
mmK   (1) 
 
where  1m   and  2m  are the mass concentrations of particles when power supply off and power supply 
on, respectively.   
2.2. Electrostatic precipitator  
 
 
 
 
 
 
 
Fig. 2. Wire cylindrical ESP. 
Fig. 2 shows a diagram of the wire cylindrical ESP designed and evaluated for this work. A stainless 
steel pipe was used as a collection electrode. It is a 500 mm length cylinder with a 90 mm inside 
diameter. The discharge electrode is made by tungsten wire with 0.3 mm diameter. 
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2.3. High voltage pulse power supply  
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Fig. 3. The circuit diagram of the pulse power supply. 
The circuit diagram of the pulse power supply is shown in Fig. 3. The DC voltage 12 V from battery 
was stepped up to 12 kVac by a pulse transformer with frequency range around 10 to 40 kHz. Rise time 
and pulse wide are 400 ns, and 500 ns, respectively. Then, the high voltage AC from the pulse 
transformer was rectified DC pulse by a high voltage diode before supplying to the ESP. 
 
3. Results and discussion   
The V-I characteristics of the ESP are shown in Fig. 4. On energized negative DC to the ESP, the 
corona occurred on set voltage 4 kV and the current gradually increased with quadratic function of 
voltage. When supplying voltage was higher than 7 kV, the spark took place between the tungsten wire 
and the inside cylindrical tube of the electrostatic precipitator. However, when the power supply was 
replaced by the prototype of high voltage pulse power supply as shown in Fig. 3, although the current 
gradually increased with quadratic function of voltage as same as energized negative DC supply, the 
corona discharged on the tungsten wire began at 5 kV. Nevertheless, the peak voltage of the DC high 
voltage pulse can rise up to be higher than 7 kV without spark.  
 
 
Fig. 4. V-I Characteristics. 
The total removal efficiency for the ESP as a function of both DC and pulse voltage conditions was 
shown in Fig. 5. The results indicate that total removal efficiency was effective higher than 50% when the 
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corona discharges occurred on the tungsten wire in the ESP. The total removal efficiency was increased 
while the voltage was increased. Because the electric force on the soot particles was increased by 
increasing electric field intensity, the collecting particle carbons from exhaust gases also increased. 
Unfortunately, the voltage must not exceed 7 kV before the breakdown in the DC condition. However, the 
pulse voltage conditions can increase higher than 7 kV without spark. Consequently, the total removal 
efficiency can be increased up to 90% by increasing the peak pulse voltage up to 9 kV before the 
breakdown occurred in the same configuration of the ESP.  
 
 
Fig. 5. Collection efficiency as a function of peak voltage. 
The collection efficiency as a function of operation time up to 50 min was shown in Fig. 6. The 
collection efficiency for energized DC decreased with increasing operating time. The collection efficiency 
for energized pulse also decreased with increasing operating time and became constant at the end. In DC 
supply condition, it also found that the collection efficiency decreased when the soot particles 
accumulated on the tungsten wire increased. But from pulse power supply, there were no more carbon 
particles accumulated on the tungsten wire in the long run. 
 
Fig. 6. Collection efficiency as a function of ESP operating time for 50 min. 
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4.  Conclusion 
In this paper, the authors have described the design and construction of the electrostatic precipitator 
(ESP) for treated soot from the exhaust pipe. The collecting electrodes in ESP made of cylindrical wire, 
which was inserted in the center of the stainless steel pipe. The high voltage power supply has applied 
high voltage pulse energizing to excite the electric field between electrodes. Moreover, the comparisons 
of the field exciting between the high voltage pulses energizing and high voltage direct current energizing 
had been studied. In general, it was found that high voltage pulse energizing not only used lower energy 
but also had higher efficiency than the DC condition. In pulse condition under the same configuration of 
the ESP, because the electrons between electrodes have energized into the high energy without spark over 
or flashover in the electrode gap, the total removal efficiency can be increased up to 90% at 9 kV with the 
constant of collection efficiency in the long operation time. 
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